1 What does the literature say? Hodge (2002:424-9) provided an overview of earlier attempts to estimate the Phillips curve for South Africa. The list includes early studies by Krogh (1967) , Gallaway, Koshal and Chapin (1970) , Hume (1971) , Truu (1975) and Levin and Horn (1987) .
Following this, Hodge (2002:431) (1) where p = inflation U = the actual unemployment rate m = SA import price index (to control for supply shocks) Because in South Africa unemployment data only exists on an annual basis, Hodge estimated the relationship with annual data for the period 1983-98. In addition to estimating equation (1) with unemployment data, Hodge also estimated the equation by substituting in turn the annual percentage change in employment, the jobless rate and economic growth rate for the unemployment rate. Note that he did not estimate a long run trend for unemployment. Instead, he argues that the long run rate could merely be derived by equating pt to zero and assuming that the constant, β 1 , contains an unchanged long run component so that β 1 = β 0 − β 3Ū (whereŪ represents an unchanging long run unemployment). He also did not estimate a long run trend for employment, the jobless rate or the economic growth rate. Thus, Hodge did not use a time-varying estimate of the NAIRU or any of the other variables that he used to substitute for the unemployment rate. He found no evidence of a relationship between inflation and either unemployment, employment or the jobless rate. However, he found evidence of a relationship between the first differences of inflation and growth.
Nell (2000) also estimated a Phillips curve for South Africa. However, unlike Hodge, Nell (2000:12-3) estimated potential or long-run output growth (note, not the level of long run output) and substituted it into the following Phillips curve relationship: (2) where ∆y = actual output growth rate ∆ȳ = potential output growth rate In order to allow for a non-linear, convex, Phillips curve, Nell (2000) also estimated a model where he separates the output gap variable into positive and negative values: where :
• (∆y = ∆ȳ) overh t−i = negative output gap (the economy overheats, with actual output growth exceeding potential output growth) 2 ; periods with positive output values take on a value of zero
• (∆y = ∆ȳ) weak t−i = positive output gap (the economy is weak, with actual output growth lower than potential output growth); periods with negative output values take on a value of zero Furthermore, Nell (2000:16-17 ) estimated the Phillips curve relationship for South Africa for two distinct periods: the accelerating inflation period (1971Q1-1985Q4) and the deflationary period (1986Q1-1997Q2). He found that the overall output gap is statistically significant for the accelerating inflation period, but not for the deflationary period. In addition, Nell found that the negative output gap is statistically significant in the accelerating inflation period, while the positive output gap is statistically insignificant. Thus, during the accelerating inflation period the Phillips curve trade-off only holds for when the economy overheats. In the deflationary period this result is reversed, with the negative output gap (i.e. the one for the overheated economy) being statistically insignificant, while the positive output gap is statistically significant. The overall output gap for this period, however, is statistically insignificant. When using the split output gap procedure, instead of a convex Phillips curve, Nell (2000:17, 28) found concavity when the economy overheats for the accelerating inflation period and non-convexity (and non-concavity) when the economy is weak for the decelerating inflation period. This finding of Nell can be compared with that of Stiglitz (1997:9) who mentions that there is some evidence in the US of a concave Phillips curve.
In a recent estimation of the Phillips curve Fedderke and Schaling (2005) used the Johansen technique to examine the determinants of inflation in South Africa. The dependent variable in the long run relationship was the price level as measured by the GDP deflator. (Note that Phillips curves are usually considered to be short run relationships, which explains why it is inflation, and not the price level, which is the dependent variable in the short run models.) The authors consider price expectations, unit labour cost, the output gap and the real exchange rate as possible explanatory variables. All variables including the price level and with the exception of the output gap were found to be I(1) and therefore, to be non-stationary (Fedderke and Schaling 2005:87) . This meant while if the economy is weak, a 1 percentage point increase in the output gap is associated with a less than 1 percentage point increase in inflation. Concavity implies the opposite. 2 Some sources (cf. Bannock et al. 1998 :308) define a positive output gap the other way round, namely when actual output (or output growth) exceeds potential output (or potential output growth).
3 that since the standard Johansen cointegration technique can usually only be estimated with I(1) data, 3 the output gap, being an I(0 ) variable, could not be included in the long run regression that explained the price level. Only unit labour cost and the exchange rate were found to be statistically significant as explanatory variables. The output gap was included in the short run dynamics of the model, where it was found statistically insignificant as an explanatory variable of inflation (Fedderke and Schaling 2005:89) .
With regard to international studies, a clear preference seems to exist for models where the long run component of either output or unemployment (i.e. the NAIRU) is a time-varying variable (Gordon 1998 (Gordon , 1997 (Gordon , 1990 (Gordon , 1989 Ball and Mankiw 2002; Staiger, Stock and Watson 1997) . This is in contrast to earlier models that used a constant output growth or a constant NAIRU (though such models are still estimated, cf. Hodge (2002) and Malinov and Sommers (1997) ). Furthermore, whereas the earliest Phillips curves did not include inflation in previous periods as explanatory variables (equation (4) below), the crude augmented Phillips curve merely assumes that inflation in the previous period has a parameter value equal to one (equation (5) 
where D is the excess demand variable that equals either the unemployment gap, ¡ U −Ū ¢ , where U andŪ represent the actual unemployment rate and the NAIRU respectively, or the output gap, (y −ȳ) , where y andȳ represent the natural log of actual and long run output respectively.
However, less crude versions of the augmented model allow for inflationary inertia by not limiting the value of the parameters of the past values of inflation (equation (6) (6) In addition to the inclusion of the inertia effects, Gordon (1997:16) has also argued that not only should the output (or unemployment) gap in the current period be included to take account of possible level effects, but one should also either include lags of the output gap (equation (7)) or the change in the output gap over time (equation (8) ) to take account of rate-of-change effects. 4 The rate-of-change effect is included because the economy may, for instance, be growing at its long run growth rate (or even higher) while the level of output is below its long run level. The rate-of-change and the output level may then exert opposite effects on inflation. Gordon (1997:16; 1990 :483) furthermore argues for the inclusion of a proxy for possible supply shocks (z in both equations (7) and (8)). The exclusion of such a proxy might bias the parameter of the output gap towards zero because a supply shock may cause an extraneous positive correlation between inflation and unemployment or the output gap (when defined as (ȳ − y)). Equations (7) and (8) also include unit labour cost, w. Mehra (2004:69) has shown that once one controls for the influence of lagged inflation and the output gap, the exclusion of unit labour costs implies the implicit assumption that current inflation does not depend directly on productivity adjusted wages. Furthermore, one assumes implicitly that wages adjust one-for-one with productivity in each period and that they depend on lagged inflation and the output gap. However, in the short run it is not uncommon for wage and price adjustments to diverge, in which case unit labour cost may exert an influence on inflation independent of past inflation. For instance, Mehra (2004:69) argues that faster productivity growth and slow nominal wage growth may lead to lower inflation if firms pass the effect of lower unit labour cost onto prices. The inclusion of unit labour cost represents a supply side, cost push factor in the equation in addition to the excess demand factor and the inertia effect. This suggests that prices are set on a mark-up basis, given the effect of demand. (8) Note that in equation (8), the larger β 1 is, the larger the inertia effect will be, thereby prolonging the duration of inflation once it exists (Gordon 1990:488) . If β 3 in equation (8) equals zero while β 2 > 0, equation (8) reverts back to the simple Phillips curve relation where only the output level matters, while if β 2 equals zero there is no level effect, which means that the economy suffers from full-blown hysteresis. In this case, the smaller β 2 is, the more pronounced hysteresis will be and hence, the longer the economy will take to adjust back to some long run level. With full-blown hysteresis the economy will not at any time stabilise at its long run level and may come to rest at a level of output different from the long run level, while experiencing a constant rate of inflation, with no tendency of self correction (Gordon 1990:488) . Thus ". . . full hysteresis implies that changes in both inflation and output are completely independent of the level of detrended output, and that an economy in the depth of a Great Depression can experience an acceleration of inflation, no matter how high the level of unemployment or low the level of detrended output, if excess nominal GNP growth exceeds last period's inflation rate." (Gordon 1989:222) . In such a case, excess demand will only impact on inflation through the rate-of-change effect and then only if β 3 > 0. If β 2, β 3 and β 4 equal zero, while β 1 and β 5 > 0, inflation becomes merely a function of inflationary expectations (a random walk with drift) and supply shocks, whereas if β 4 > 0 inflation is a cost-push and not a demand-pull phenomenon.
Equation (8) Roberts (1995:979) excludes the rate-of-change variables because, he argues, the unemployment rate is strongly serially correlated, which means that the current unemployment rate is an adequate proxy for current, lagged and future unemployment.
Model, Method and Data
Based on the above, this paper estimates the general triangular model of Gordon as contained in equation (8) , restated here as equation (9), where all parameters are expected to have positive signs on a priori grounds:
In addition, to allow for a non-linear Phillips curve the paper also follows Nell (2000) and splits the output gap into two variables. One variable, (y −ȳ) overh t , is for when the economy overheats and is named the negative output gap. However, it contains positive values (with the years that contain negative values set to zero). The other, (y −ȳ) weak t , is for when the economy is weak and is named the positive output gap. However, it contains negative values (with the years containing the positive values set to zero). Both split gaps are expected to have parameters with positive signs. The general triangular model of Gordon with a split output gap as contained in equation (10) 
The paper uses quarterly CPI data for the period 1976Q1 to 2002Q2 for its measure of prices. First the percentage change in the CPI (quarter on the same quarter in the previous year) was calculated to serve as the dependent variable in equations (9) and (10) . However, whereas the other variables used in equations (9) and (10) are all stationary (see Appendix 1, Table A and discussion below), CPI inflation is not stationary (see Table 1 and Figure 1 ). Table 1 (columns 2-4) shows that CPI inflation is non-stationary using the Schwarz (SC), Akaike information (AIC) and Hannan-Quinn (HQC) criteria. Therefore, to run equations (9) and (10) using CPI inflation would entail regressing an I(1) variable on a set of I(0) variables (with the exclusion of lagged inflation, which, of course, will also be I (1)). This would render the results invalid. 5 To overcome this obstacle, the paper estimates a long run trend for CPI using the HP filter and then calculates the rate at which the actual CPI deviates from this long run trend. Thus, it calculates a gap variable for inflation (see Figure 2 ), thereby redefining p in equations (9) and (10) . Table 1 (columns 7-10) shows that the inflation gap variable is stationary using the Schwarz, Akaike information and Hannan-Quinn criteria. Thus, the paper re-postulates the Phillips curve as a relationship where deviations of actual output from long run output cause the actual price level to deviate from its long run trend. 6 (For a theoretical derivation of this model similar to the Gordon model, see Appendix III.)
Estimating the output gaps requires first the estimation of the long run component of output. Smit and Burrows (2002:3-4) argue that the variety of measures to calculate long run output can be classified into two broad categories, namely the economic and the statistical approaches. The former entails the estimation of a production function, while the latter merely entails the application of a filter to distinguish between permanent and transitory changes in output time series. Following Smit and Burrows (2002), as well as Arora and Bhundia (2003) and Billmeier (2004) this paper follows both approaches. More specifically, the paper uses four methods to estimate the long run output trend. The first three are statistical in nature, while the fourth uses a production function. All four methods result in a time varying output trend. The first is the standard Hodrick-Prescott (HP) filter. 7 The second method, based on the method developed by Ball and Mankiw (2002:122-3) for Phillips curves using the NAIRU, is based on the idea that one should distinguish between long run changes in the relationship between inflation and output (i.e. changes in y in equation (11)) and short run fluctuations in inflation as captured by the 5 Using GDP deflator data does not solve the problem, given that the inflation calculated with the deflator is also non-stationary. 6 The introduction of the long run price level to calculate the inflation gap also contains the implicit assumption that economic agents are familiar with the structure of the economy, i.e. they have information that allows them to create expectations based not solely on information about the past, but also information about how the economy is likely to react in the future. Therefore, this introduces a rational expectations element into the model. error term in equation (11) (where equation (11) is the same as equation (5), but without the intercept, and ∆p is the change in the inflation rate):
Lagging equation (11) with one period and subtracting the lagged version from equation (11) yields equation (12):
Next, following Ball and Mankiw (2002) one assumes that the long run growth rate is constant, meaning that one could regress ∆∆p t on ∆y and treat β 1 ∆ȳ t as a constant. This yields a value for β 1 , which is substituted into equation (13) below, where equation (13) is derived by rearranging equation (11) .
The right-hand side of equation (13) can be computed with the estimated β 1 . Following the computation of the right-hand side value, the HP filter is applied to that value so as to extract the value ofȳ . This value ofȳ then constitutes the time varying long run output used to calculate the output gap that will enter the actual Phillips curve estimation using Gordon's triangular model.
The third method applies a centred-moving average (CMA) filter to the actual long run output level. (14) where k = 8 (Nell (2000:13) argues that eight is the value most consistent with a Phillips curve relationship).
The fourth method uses a production function to estimate long run output. Following Arora and Bhundia (2003:5-6), who also estimated a production function for South Africa, the analysis uses a constant returns-to-scale CobbDouglas production function. The weights of labour and capital are taken to be the average shares of labour remuneration and operating surplus in income for the period under estimation (1976 to 2001) . Surprisingly, these shares are very stable during this period at an average of respectively 0.67 and 0.33 for labour and capital: 
The Hodrick-Prescott filter is then applied to both labour and total factor productivity (it is assumed that capital is always utilised at full capacity) (cf. Smit 
Upon calculating the long run output, the output gap is calculated as the difference between the natural logs of actual and long run output.
Using these four methods to calculate the long run output level and, subsequently, the output gap, yields four versions of the triangular model of Gordon (equation (9)) and four versions of the triangular model with a split output gap (equation (10)), where the different gaps are denoted by:
estimated using the Hodrick-Prescott estimate of the long run output, BM: estimated using the Ball and Mankiw method to estimate the long run output, CMA: estimated using the centred-moving average of the long run output, PF: estimated using the production function to estimate the long run output.
To calculate the HP, BM and CMA estimates of long run output, quarterly data is used, while for the production function (PF) approach, annual data is used given that the employment data used to estimate the production function is annual. On first sight, the output gaps calculated using the HP filter, the CMA filter and the production function seem to yield similar figures ( Figures  3, 5 and 6 ), while the Ball and Mankiw method seems to yield a somewhat different picture of the output gap (Figure 4 ). This is borne out further by the correlation coefficient of 0.55 between y HP and y CMA , while the correlation coefficient between yHP and yBM equals 0.44 and that between y CMA and y BM equals 0.06.
As a measure of the supply shock, the analysis includes a terms-of-trade variable, calculated as the percentage deviation of the actual terms-of-trade from (something that some might find unrealistic in the South African case), Arora and Bhundia (2003:6) found that the results do not vary significantly with alternative assumptions.
its long term trend as estimated using the Hodrick-Prescott filter (see Figure  7) . The inclusion of a terms-of-trade variable is similar to Nell (2000) and Huh and Lee (2002:223-4) . Huh and Lee (2002:223-4) argue that the terms-of-trade is the suitable variable to include to capture in particular the effect of external shocks to small open economies. One can then also assume that these shocks, as they register in the terms-of-trade, are independent of domestic shocks as contained in the error term (thus, ensuring the absence of heteroskedasticity). Furthermore, the analysis also includes a unit labour cost variable calculated as the percentage deviation of actual unit labour cost from its long run value estimated using the Hodirck-Prescott filter (see Figure 8 
Empirical Results
With the properties of the time-series established, equations (9) and (10) for the HP, BM and CMA gap estimates were run for the period 1976Q1 to 2002Q2 (yielding respectively equations (9.1) to (9.3) and (10.1) to (10.3)). Table 2 contains the results. The White test indicates the absence of heteroskedasticity, while the Breusch-Godfrey test indicates that none of the regressions suffered from autocorrelation at the 5% level of significance.
With regard to the parameters, in all of the equations the lagged inflation gap was particularly significant (at even the 1% level of significance) with a parameter value of approximately 0.71. This result points towards the presence of inertia in South African inflation. The output gap in equation (9.1) was statistically significant at the 10% level, though it was insignificant in equations (9.2) and (9.3). In equation (10.1) the negative output gap,(y −ȳ) overh t , is statistically significant, but not in any of the other equations. Thus, there is very limited to no evidence that the output gap influences the inflation gap. In contrast, the unit labour cost variable is statistically significant in all of the equations at least at the 10% level, with the parameter taking on a value of between 0.06 and 0.1. The terms-of-trade variable and the change in the output gap variables are all statistically insignificant.
Subsequent to running the regressions, a stability test in the form of a recursive residual plot was performed on all the regressions. The results are displayed in Figure 9 and indicate no structural breaks, though the graphs display some instability in 1998 (due to the Asian and subsequent emerging market crises).
The results above were obtained by using a statistical approach to extract the long run component of output. Next, the analysis uses what Smit and Burrows (2002:3) call an economic approach that entails estimating long run output with a production function. Table 3 contains the results. For both equations (9) and (10) the White test indicates the absence of heteroskedasticity. As shown by the Breusch-Godfrey test, neither equation (9) nor equation (10) suffers from autocorrelation. With regard to the parameters, in both equations, the lagged inflation gap was statistically significant at the 5% level. As with the estimations that use the statistical approach, this result points towards the presence of inertia in South African inflation. However, this effect is not as strong as in the case of the statistical approach, with the parameter taking on a value of between 0.36 and 0.4. None of the output gap or change in output gap variables in equations (9) and (10) are statistically significant, indicating an absence of demand side effects on inflation. In contrast, the unit labour cost and terms-of-trade variables are statistically significant at the 5% level. This points towards the influence of the supply side on South African inflation. The parameters of the unit labour cost variable are much larger than in the equations estimated with the statistical approach, taking on values of between 0.29 and 0.33.
Subsequent to running the regressions, a stability test in the form of a recursive residual plot was performed on both regressions. The results indicate stability and are displayed in Figure 10 .
Conclusion
Thus, is there a triangular Phillips curve present in South Africa? As discussed above, the presence of a triangular Phillips curve implies the existence of inflation inertia, output level effects and rates-of-change (in output) effects. Inertia effects are clearly present. However, there is almost no evidence of output level effects, suggesting the presence of hysteresis in output. Evidence to support the rates-of-change effect seems just as limited. Thus, the triangular model seems not to apply to South Africa. In addition to the standard components of the triangular model, unit labour costs and terms-of-trade were included. The former was found to be statistically significant in all of the eight regressions, while the terms-of-trade was only significant in the regressions using the production function. This suggests that, as a matter of future research, the influence of the labour market on South African inflation warrants more research.
With regard to policy, the lack of evidence supporting the output level effect suggests that the anti-inflationary policy, in so far as it affected the demand side of the economy, does not really influence inflation. Thus, the conclusion is not that monetary policy does not influence the output gap, but that there is only limited evidence that such policy influences inflation via the output gap. However, it seems as if monetary policy does work through inflationary expectations as captured by the lagged inflation gap term.
11

Appendix I
See Table A 6 Appendix II
In building his triangular model, Gordon (1990:480-487 ) first derives the rate-ofchange variable in relation to inflation, whereafter he adds the other components of his triangular model. To derive the rate-of-change variable in relation to inflation Gordon first specifies nominal GDP:
where X is the natural log of nominal output, P is the natural log of the price level and Q is the natural log of real output. Taking the time derivative gives:
where the small caps represent percentage changes in nominal and real output and denotes price inflation. Then subtracting the real long run growth rate, q*, from both sides of equation (II2) 
where − (α/ (1 − α) = β) . Equation (II5) relates inflation to the rate-of-change variable. Following this Gordon merely adds the lagged value of inflation as an inertia indicator andQ, which is the log of the ratio of actual to long run output, i.e. the output gap, as level variable (he actually adds them to Π = ax , and then transforms the equation so as to state it in terms ofq). This yields:
Noting the equivalence of Π = p,Q t = D andq in equation (8) above and adding the unit labour cost, w, and a proxy for supply shocks, z, yields equation 8. Equation (9): HP Equation (9) Equation ( .00
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